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ABSTRACT
Notifications on smart devices have a crucial role for the end-users to help decide their action to
the information. Despite the flexible customization of notifications for the intuitive user
experience, users feel overwhelmed by the number of notifications they receive daily. The nature
of notifications is short-lived, but they are extremely intrusive and disengaging. While user
experience and user interface are advanced, notifications have remained broken despite their
complexity. In fact, the notifications have the poorest usability that users may struggle to
customize notifications in their smart devices and choose to ignore them. Irrelevant notifications
not only get ignored, but it causes frustration and a false sense of urgency. Notifications must
become conversational rather than a default system to feel as a helpful personal assistant.
Previous research has identified the positive emotional influence from conversational and relevant
signages in the physical space (Kim, 2017).
The primary focus of this dissertation is to enrich the current notifications on smart devices,
to establish the new concept – the smart notifications with the optimized visual signals that
provide intuitive (e.g., helpful, personal, and relevant) user experience, and to propose
applicable smart visual notification signals. The System Usability Scale (SUS) (Brooke, 1986) and
Nielsen’s Heuristic (Nielsen, 1994) were used to measure the usability and user interface design
of notifications on smart devices from participants. The results of this dissertation can be applied
in future research as researchers can continue developing smart notifications that are intuitive
and designers can use it as a guideline to build better user interfaces.
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INTRODUCTION
The term “intuitive” is often used to describe a particular type of interface work operated
by users. This concept requires no apparent effort or prior exposure to the idea, which is a
foundational intuitive experience. The intuitive design encourages a user to see exactly what they
need to do without consciously thinking about how to do it. When the user interface is intuitive,
users understand its behavior and effect without the use of reason, experimentation, assistance,
or special training. In other words, intuition is a characteristic of the interaction process between
a particular user and the design, not a feature of the design. Thus, it is not possible to evaluate the
design as intuitive without considering end-users.
Intuitive experience demands previous knowledge from the previous physical experience
and cultural environment. Users learn the fundamentals of how physical objects behave from the
physical experience whereas users are influenced by a cultural environment (e.g., languages,
metaphors, and symbols) that is extremely localized and unstable. The physical experience and
cultural environment are the foundation of understanding of the world and humans learned
everything at some point in our lives as growing up (Bærentsen, 2000). The first learning required
a conscious action, and the practice turns them into an operation that does not require
consciousness. Users always use both experiences from the physical and cultural environment to
understand possible actions with an interface. For example, a new virtual hard drive service can
be learned by users’ experience with the physical environment to understand the properties of
the objects in the interface and with the cultural environment to understand the meaning of icons
and text.
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Today, users suffer from cognitive overload (Samson & Kostyszyn, 2015). Information
overload has been an issue throughout human history and information will be continuously
increased. All activities users do involve the technological world where information technology
impairs the number of interruptions that occur everywhere (Speier, Valacich, & Vessey, 1999). A
couple of the main reasons for information overload today are the exponential increase in
channels – social media, emails, websites, RSS feeds, podcasts, radio, television, etc. – to receive
information and notifications through smart devices. Users may experience stress and emotional
distress due to the excessive amount of information and notifications in real-time demanding to
complete tasks or make decisions. It inhibits individuals from making effective decisions and taking
actions (Yang, Chen, & Hong, 2003) as well as intuitive user experience. In fact, users are
experiencing information anxiety and avoidance of information often. Mitchell Kapor, an
application developer, said once at the conference that getting information off the internet is like
taking a drink from a fire hydrant.
Although Google and Facebook have been analyzing massive amounts of data to make
decisions about what users see online. The recently updated notifications from Google and
Facebook are still early days for smart algorithms in notifications. Every push-based system (e.g.,
notifications) is extremely fragile because users get overwhelmed and shut them down if a service
is overusing them. Therefore, the improvement of the user interface (UI) and user experience (UX)
on smart devices must be continued to provide a positive emotional and intuitive experience.
The research goal was to evaluate the user experience and user interface of current
notifications on smart devices to identify visual signal characteristics favoring the Intuitive Smart
Notification user experience that feels more relevant, useful, and appropriate for users. With this
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knowledge, the current study hope to inform the UI designer and UX researcher to provide a
positive user experience with the smart notification design. The literature focuses on the human
information process in memories and attention, emotional design, and intuitive UX and UI design
to understand the perceptions of the smart device notifications and its usability. This research
looked at individual user experience with the smart device notification and how that is related to
perceived usability and the importance of usability elements.

Smart Device Notifications

Over 68% of Americans own smart devices, access approximately 26 apps per month, and
spend about 37 hours and 28 minutes in apps per month (Nielsen, 2015). The implementation of
app notifications encourages users to view and open apps rather than access websites.
Notifications are the messages with visual, auditory, and haptic alerts to provide communications,
such as new incoming emails, new updates, new messages, and more. Often it requires immediate
actions and signals indicating the availability of any new updates within a given app (Pielot et al.,
2016).
There are several forms of notification on smart devices. First, pull notifications are
updates within the app, which appear in the design layout within the app itself. It does not have
pop-up message boxes or badges. Thus, push notification is a popular method for sending
reminders to users to engage in activities with apps. Second, the red badge (dot) notification
appears on messages, emails, apps, etc. with white number text inside to indicate tasks are not
taken care of. Lastly, push notifications to look like SMS text messages and smart device alerts for
users who have installed a particular app. It often appears on the lock screen, the home screen of
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smart devices, and as a form of message box while viewing other apps. Often, these notifications
are used to provide any information that is essential to the functionality of the app, require special
attention, and act quickly, such as informing users of product updates, personalized offers,
breaking news, etc. Notifications do not get banned in spam filters or forgotten in an inbox. In fact,
they appear to remind users whether the app is open or not. When the smart device notification
is utilized correctly, it encourages user engagement and opens up communication that is closer to
users. However, it results in app removal, permanently muting notifications and users opt-out.
Notifications are extremely intrusive, distractive, and demanding. Smart device users receive an
average of 56 notifications per day, which has increased over the past years and a large fraction
of notifications is still coming through when the smart device is unlocked (Pielot et al., 2018).
Consequently, non-intrusive and reasonable frequency notifications between two to five
encourage engagement from users and avoid the annoyance (see Figure 1). Users are going to
disable notifications or remove apps when the user feels bombarded by notifications. All smart
device operating systems display a red badge to display information that needs attention as well
as pull and push notifications in chronological order and users get to the notification center by
swiping down from the top of the screen. Both iOS and Android provide customization on
notifications and red badges for users. They can turn the sounds of notifications on or off as well
as control the red badge because receiving impersonalized notifications for users can be
burdensome (Westermann & Wechsung, 2015; see Figure 2).
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Figure 1. The current types of notifications on smart devices.

Figure 2. Weekly push notifications that cause push disablement (Help Lama, 2017)
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Ironically, smart device notifications are two sides to the coin because over 50% of smart
device users find notifications annoying while the other 50% of users find it very helpful (“The
Inside View,” 2015). It means that the current notifications are not optimized for important
factors, such as the volume of notifications and most importantly users’ perspectives. It also means
users are still waiting for it to be improved and there is still work to be done to provide an intuitive
user experience. This research concerns visual signals from the notification user interface in
particular. It is important to recognize the occurrence of various emotions in user experience in
the smart device notifications. The research predicts that the personalized and optimized visual
signals will ensure positive viewpoints of notifications as a helpful norm.
The notifications are designed to distract, persuade, and influence users to give attention
to a certain activity. The sensory signals are designed in a specific way to attract users’ attention.
The next section delves deeper into the structure and mechanisms of attention and human
memory that are challenged for the positive user experience on visual notifications.

Attention

Attention is the cognitive process of selectively focusing on discrete information while
ignoring other perceivable information. It is one vivid form out of several simultaneously possible
things or thoughts. Focalization of consciousness is known as the essence of attention (James,
2007). Human vision can enter the bottleneck, which is less than one percent of the visual input
data and leads to inattentional blindness (Zhaoping & Li, 2014) because visual attention directs a
small fraction of the information attaining at primary visual cortex to high-level cores involved in
visual working memory and pattern recognition (Anderson et al., 2005).
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Selective Visual Attention.

Every moment, people are surrounded by constant sensory information. An individual
encounters the traffic noise from the street, the tinkling noise from a dog’s collar, the click of the
computer keyboard at the library, the chatter of people at the coffee shop, and more. Fortunately,
people learn to ignore those sensory experiences. Instead, many things blend into the background
while people give attention to only important things in a given environment. For instance, an
individual can focus on the story that your friend tells while the irrelevant sounds can be toned
down, which is an example of selective attention. Due to the limitation on one’s ability to attend
to things in terms of capacity and duration, people must decide what they want to pay attention
to and ignore the rest. It is similar to the process of visual hierarchy – giving a highlight to certain
elements and pushing inapt information to a margin in our perception. Because attention is
involved in a highly selective process of information based on one’s subjective or objective goals,
it only directs to the most relevant information and ignores everything else (Posner, 1978).
Brain filters out only the relevant and essential information and people see highly
interpreted information only as visuals contain vast information to process, and it is impossible to
see everything. Visual perception can be described as selective perception as it is an essential
selective process. Eye movements serve the function of attentional selection to select a fraction
of all visual inputs for deeper processing by the brain. Fixations are static points where the eye
rests as a gazed position that can be drifted anytime. The fixational eye movements jump from
place to place selectively to process the inputs. Vision is an active process with specific goaloriented oculomotor behavior and selective attention fixated on relevant things in the scene to
maximize task efficiency (Canosa, 2009).
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The emotional factors were observed as a device to control the orientation to visual
information in recent studies. The findings suggest that people are influenced by visual or
motivational significance to their attention. There are two stages of visual attention from parallel
fashion and sequential fashion. The parallel performance is involved in attention with the
distribution consistency on visual and information processing. The sequential performance is
involved state is involved in attention with a particular concentration (Jonides, 1983). William
James, a psychologist, described the spotlight model, which works as sounds. The spotlight or
focus is an information extraction point from the visual information where visual attention is
detected. The area surrounding this focus or spotlight is the fringe where low-resolution or low
attention happens (Eriksen & Hoffman, 1972; see Figure 3). The zoom-lens model (Eriksen &
James, 1986) has been used in many research studies as a visual search. Depending on an
individual’s control of increasing or decreasing the size of the focus, such as zoom-lens of the
camera, the size of visual attention can change from a sharply narrow area to a widely distributed
area. However, the widely distributed area takes a longer time to process due to the amount of
information that is included within the area. This research predicts that attention motivates one’s
positive perception towards visual notifications, which encourages an individual’s positive user
experience of visual notifications on smart devices.
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Figure 3. The Spotlight Model

Selective Perception

People perceive a vast number of media messages while selectively ignoring them at the
same time. It is the personal filtering of what we see and hear to suit our own needs. It is often an
unconscious process. It affects perception by one’s expectations based on their cognitive biases.
Making decisions is distorted by an array of cognitive, perceptual, and motivational biases. Often,
people do not recognize their own bias while they easily identify the operation of bias in decisionmaking by others (Pronin, 2007). It is possible that the intense quantity of stimuli on a daily basis
requiring equal attention to everything has formed a selective attitude based on one’s own needs.
In 1960, Seymour Smith found evidence for selective perception in advertising. He found
that individuals’ beliefs, attitudes, preferences, and habits caused the procedure of receiving or
blocking advertisement materials that they were exposed to see and hear. One will purchase or
consider purchasing products from the brand that they were noticed in advertising (Nowak &
Smith, 1970). This research was important because it was the first research that utilized selective
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perception in a longitudinal design while other researchers only examined buying behavior by the
awareness of advertisement of the product.
It is a very necessary psychological process to protect one’s mental overload from too
many stimuli from the smart devices we carry every day that requires equal attention to
everything. Receiving selective stimuli according to individuals’ needs is human nature. However,
it can manifest as a tendency to ignore stimuli that contradict convictions and cause discomfort,
such as notifications on smart devices. In fact, every buzz one receives, makes one look at it and
see what the notification was, but it is extremely rare if they are important and rather distractive.
It takes one away from whatever they are doing at that moment. Thus, people choose to ignore
notifications to avoid the distraction that they get from constant notifications that are not
important for the most part. This research predicts that the selective visual perception favors
ignoring current notification systems from smart devices and encourages one’s negative
perception of the notifications further.

Human Memory

Memory is a natural complex of data storage and processing systems with explicit and
implicit functioning that is created by a sensory processor, short-term (or working) memory, and
long-term memory (Shiffrin and Atkinson, 1969). The human brain is not designed for the abstract
thinking and data memorization that smart devices often demand. Memories are clusters of
information that can be reactivated by the same stimulation when the memory was formed. A
large volume of data processing is not possible in the human brain. In fact, short-term memory,
known as working memory, helps to retain only information that is possible to process.
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Transferring perceptions from short-term memory to long-term memory requires conscious effort
(Shiffrin and Atkinson, 1969). Repetition of specific information helps in data transfer into longterm memory. Afterwards, the memory can get reactivated by sensory input from the
environment and stimulation from other parts of the brain (see Figure 4). The frequent memory
retrieval process strengthens the memory, and it becomes easier to reactivate.

Figure 4. Atkinson Shiffrin Memory Model – Conceptual model of the process of creating and
forgetting memories

Information people receive and remember with conscious effort is known as explicit
memory or declarative memory while information that people remember unconsciously is known
as implicit memory or non-declarative memory. Explicit memory is the cognitive storage and
recollection of data that resides in semantic memory – encoded memory with specific meaning,
such as facts, concepts, general knowledge, etc., and episodic memory – long-term memories of
specific events (Schacter & Addis, 2007). It is known as the primary process of memory and
requires effort to remember and consciousness to recall and explain the information. Textbook
learning and experiential memories involve explicit memories to be aware of, such as recalling
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phone numbers, recalling the list of items on the shopping list, recalling the birth dates of friends
and family members, and more.
Implicit memory is the unconscious information storage and recollected information. It is
an effortless and unintentional process. Because it is not possible to consciously bring it into
awareness it is not verbally articulated either. Implicit memory requires procedural and step-bystep processes that must be performed in order to complete a task (see Figure 5 Eysenck, 2012).
Making a toast, dressing up, using utensils, and driving a car are good examples of implicit memory,
which does not require conscious recall of how to perform these tasks. It influences individuals’
behavior and knowledge of different tasks. For instance, you heard a song from the radio you liked
earlier. Days later, you will find yourself still humming that same tune. It seems some things are
so easy to remember, and other things are so difficult.

Figure 5. Overview of the forms and functions of memory (Eysenck, 2012)

The smart device notifications are designed to encourage both explicit memories and
implicit memory. Explicit memories are encouraged by receiving alerts to events that have
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occurred or verified the user’s requests have been fulfilled and implicit memories are encouraged
by perceiving the user interface of the smart device notifications that helps users fixating tasks to
make decisions on events and tasks. The way we stay in touch with others and in alert of events is
transformed into a smart device, which never leaves the users’ side. Users never get a peaceful
moment. Thus, it is necessary to redesign the current smart device notifications and improve the
chances of relevancy, usefulness, and appropriateness of notifications that truly mean something
to care for instead of encouraging and teaching users to mute notifications, which is extremely
against the human-centered design.

Short-Term Memory (STM)

Websites and apps demand abstract thinking and data memorization; however, the human
brain is not optimized to do so (Nielsen, 2009). Usability guidelines are strictly following the
cognitive limitation. Simply, users can not retain much information. In 1956, George Miller
suggested that immediate memory and absolute judgment have limitations around seven pieces
of information. He used a bit as the main unit of information and the number of bits influences
the decision making because the quantity of bits can be transmitted reliably through a channel
within a certain amount of time.
Chunking (clustering) is the function of grouping information in a meaningful whole (Awad,
2019). The grouped information is meant to advance short-term retention of the material to
bypass the limited capacity of short-term memory and allow it to be more proficient (Thalmann et
al., 2019). These memory chunks are easier to retrieve due to its coherent grouping (Tulving &
Craik, 2000). However, chunks are very subjective as they depend on one’s perception and past
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experiences. The book titled, The Magical Number Seven, Plus or Minus Two: Some Limits on Our
Capacity for Processing Information, was published in 1956 by George A. Miller. His research
suggests that the number of perceptual ‘chunks’ an average human can hold in short-term
memory is 7 ± 2, which is referred to as Miller’s law (see Figure 6; Miller, 1956).

Figure 6. Miller’s Law (Miller, 1956)

It is not necessary to restrain to seven elements based on Miller’s Law (Miller, 1956).
Knowing that the human mind has the capacity to hold up to 7 bits of information to complete a
task, it is critical to consider the positive user experience of notifications on smart devices as they
are constantly requiring interactions and completion of tasks. The first-time users are
inexperienced in the interface to encode into long-term memory or to become habitual. However,
the digital platforms (e.g., social media, search engines, automobile interface, etc.) challenges this
rule persistently as they become feature-full and are difficult to learn and use. As a result, users
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are required to accomplish more information while operating smart devices. It makes good
information design exceptionally critical to help users to receive relevant information, make
decisions, and complete tasks efficiently. In addition, Miller’s Law emphasizes appropriate
planning in the design process and information hierarchy. The additional new features in the
interface must be able to incorporate into the visual foundation of the existing user interface
without breaking them. The quantity of notifications users receive daily is continuously increasing,
which becomes difficult to mentally process and requires users to do cumbersome searching or
discourage them from even caring for them. Today, users want and need trials before
commitment, which means they do not experience the value in a short period of time of using it.
Miller's law enlightens researchers and designers that humans have a finite amount of information
they can process, and that information overload will lead to distraction that negatively affects
performance in user experience. The information should be organized in a way that is digestible
for users.
The idea of ‘chunking’ is coherent with the Gestalt Principles in Design, which is the visual
representation of chunking. The detail of the Gestalt Principles in Design will be discussed in a few
sections later to address how it helps the cognitive load visually in the user interface and improves
user experience.

Perspective of Sensation

The first stage of memory is stored for a very short duration because the senses are
working continuously to focus on a limited amount of information that is relevant to one’s needs.
Sensory memory has a brief duration, which is even shorter than short-term memory. For
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example, iconic memory holds visual information for about 250 milliseconds with a relatively high
capacity for holding 12 items (Irvine, 2011). Sensory memory is associated with five senses: sight,
hearing, taste, smell, and touch. Visual sensory input (iconic memory) and auditory sensory input
(echoic memory) gather a substantial volume of information people receive daily.
Visual sensory memory is known as iconic memory. The term ‘iconic memory’ refers to a
brief mental image that is shaped after receiving the sensory input from the eyes. The brain
receives the raw information from the eye and processes sensory memories unconsciously. This
process is also called the preattentive process, which occurs prior to giving attention to the
information. Only a small set of features of the image (e.g., shape, color, curvature, contrast,
orientation, angle, etc.) allow one to process the form without an understanding of the whole
image. The visual inputs are held up in the iconic memory with one blink of an eye. In 1960, George
Sperling found the existence of iconic memory. Participants were able to recall four to five letters
from nine letters that were projected on the screen for one-twentieth of a second in the first
experiment. In the second experiment, participants were exposed to twelve letters, and a tone
was sounded right after the letter flashed. The subjects were given the instructions to recite only
the letters in the top, middle, and bottom row on hearing the high, medium, and low tones
respectively. It was observed that the participants had no difficulty in recalling the letters in the
row indicated by the tone. Most participants were able to recall three out of four letters in a row.
This research suggests that iconic memory in humans has a large capacity, but decays rapidly (see
Figure 7; Sperling, 1960).
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Figure 7. George Sperling’s Experiment

Auditory information travels as sound waves, which represents echoic memory. Echoic
memory holds information only for two to three seconds to process. The first studies of echoic
memory came right after Sperling examined iconic memory. Echoic sensory changes study
suggested that it is adequate to structure an echoic memory trace that can be compared to a
physically different sound when a sound is presented to a subject (Inui et al., 2010). From a
linguistic perspective, children who speak late in development have a shorter duration of echoic
memory (Grossheinrich et al., 2010). Echoic memory is fast-decaying auditory information as
iconic memory. However, sounds were not the concern in this research as the research focuses
on purely visual stimuli only in the smart notifications.

Emotional Design

Design is a communication, which is created by the designer with a deep understanding of
a user (Norman, 2003). Everything around us has been designed in a way and all design produces
an emotion. We experience an emotional reaction to our environment moment by moment, and
17

it is a very personal experience. Whether a product or a service has a user experience (UX) or not,
it produces experience (emotion) when interaction occurs.
Because humans and animals have emotional wiring, the effects of emotion are extremely
impulsive and primitive. Emotions contain subjective and objective information about an
individual. The "affect-as-information" hypothesis (Schwarz & Clore, 1983) talks about the
influence of mood and emotion on attention, judgment, and thought. The study suggests that the
information is represented in encouraging individuals. People always ask themselves how they feel
about something before they are thinking about the current types of conditions. Often, emotional
experiences are exemplified as two-sided – i.e., pleasant vs. unpleasant and excited vs. calm. While
moods or feelings provide information with authoritarian action, emotions are the temporary
states manipulating perceptions (Ortony & Clore, 1988) A biologist Randy Nesse proposed that we
spend time on things that work and less time on things that do not because moods regulate
investment strategies (Goode, 2000).
The emotional expressions and reactions are very individual that is coded in one’s genes
and extremely comparable across all humanity – i.e., human smiles when a baby is laughing. The
amygdala has a significant function in emotional arousal. It also controls the release of
neurotransmitters essential for memory association that encourages strong and long-lasting
emotional memories. Perceptions are regulated by an individual's energy that an individual can
manage presently visible hindrances when people make decisions about actions. Emotions are
reactions to people, circumstances, and objects while mood statuses return present assets in
decision making. Emotions exhibit the imagination, the past, the present, the future, as well as
current implications. Research by Antonio Damasio suggested that feeling encourages heightened
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emotions in the physical states. Feelings are associated with the particular emotion about the
collection of thoughts and memories at the subconscious level. Each emotion is temporary while
feelings from the emotion endure over a lifetime. Thus, emotions and feelings have a critical
function in how an individual experiences their environments. The process of one’s decisionmaking is always intuitive.

Intuitive User Interface (UI) for positive User Experience (UX)

Often, visual or UI designers are underappreciated as their job translated as a simple visual
form of a product outcome. However, it is more than just an aesthetic. An intuitive user interface
requires a user-centered perspective, which provides users to avoid getting lost, guessing,
experimenting, and confused. User interface (UI) design is the user-centered focus to maximize
usability and the user experience. It is to provide an efficient and easy experience in order to
accomplish user goals. One of the important things to pay attention to is to make UI design to
speed up users’ interaction, help them focus on their tasks, and allow them to finish tasks faster
because users appreciate the fast and easy experience, and they often describe it as a good
experience (Robinson, 2013).
Good user interface design enables us to finish the tasks quickly and easily without
unnecessary attention elsewhere. Graphic Design and typography have a significant role to
support usability because they influence the user performance in interactions and improve the
aesthetic of the design, which enhances the user experience of the usage of the interface
(Norman, 2002). The balance between technical functionality and visual elements must be
balanced to create usable and adaptable for users’ needs. Interface design covers a wide range of
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projects that require unique skills and knowledge. User Interface design requires an understanding
of user needs and expectations. There are several segments in the UI design and the level of
demands changes depending on the project.
The ISO 9241 is the ergonomics standard from the International Organization for
Standardization (ISO). It outlines ergonomic principles of the dialogue techniques with high-level
classifications and descriptive applications with examples of the principles. The principles of the
dialogue emphasize the “feel” of the interface (the dynamic features of the interface) that have
seven principles as followings: 1) suitability for the task, 2) self-descriptiveness, 3) controllability,
4) conformity with user expectations, 5) error tolerance, 6) suitability of individualization, and 7)
suitability for learning. The ISO 9241 standard provides the concept of usability in terms of
effectiveness, efficiency, and satisfaction of the user. In particular, part 11 defines usability as can
be measured based on effectiveness, efficiency, and satisfaction which are quality factors of
usability (ISO 9241-11, 2018). Sub-factors of these measurable factors are decomposed to
measure usability. Part 12 is the standard for the information organization for the graphical
element display (e.g., alignment, chunking, labeling, arrangement) and information system (e.,
color, size, shape, visual cues, abbreviation) by seven attributes, which represent the static aspects
of the interface and look of the interface. The followings are the seven presentation attributes:

● Clarity: the information content is conveyed quickly and accurately.
● Discriminability: the displayed information can be distinguished accurately.
● Conciseness: users are not overloaded with extraneous information.
● Consistency: a unique design, conformity with user's expectation.
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● Detectability: the user's attention is directed toward the information required.
● Legibility: information is easy to read.
● Comprehensibility: the meaning is clearly understandable, unambiguous,
interpretable, and recognizable.

User interface design and its aesthetics have been recognized as an important research
area due to the advanced modern technology. User interface design and its aesthetics have been
recognized as an important research area due to the increased variety of devices encouraging the
strong motivation to understand complex interface design (Myers at. el., 2000). User interface
structure requires 1) the input/output dimension (look), 2) the dialogue dimension, (feel), 3) the
functional

dimension

(access

to

services),

and

4)

the

organizational

dimension

(communication)that are the foundation of forming ISO 9241 standard describing the interface
design requirements for usability.

Preattentive Visual Property

Users connect and remember information efficiently when visual elements (e.g., video,
images, graphics, etc.) accompany words, which encourages digital clutter to inspire and motivate
viewers. As "a picture is worth a thousand words", a data-driven art and visualization piece not
only delivers a message in a highly perceptible way but also reveals the pattern in complex
information, which stimulates emotional connections to establish trust, loyalty, and positive
experience for users. In fact, more than 80 percent of an individual’s decisions are based on one’s
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emotional response (Stlouis, 2017). The interaction with information visualization is encouraged
by one’s unconscious perception.
A preattentive visual property is from spatial memory without one’s conscious actions,
which is extremely rapid (less than 250 to 500 milliseconds) and accurate to process a preattentive
property of any image. A preattentive visual property avoids the conscious processing of all the
presented information (requires intensive effort) and helps understanding information easier to
comprehend through visualization of data. Utilization of preattentive properties of visualizations
can encourage users to identify unexpected elements because it forces them to notice unexpected
things to see in the visualization (Tukey, 1962). Color, form, movement, and spatial movement are
the four main preattentive visual properties that play a critical role in human perception (Ware,
2019). Figure 8 exhibits an example of preattentive visual properties in form. The form has six
types of attributes that can be manipulated to either call or reduce attention to a member of the
information. For instance, any of these six form attributes can be manipulated to either give or
reduce an indication of its significance in information. Experiments in psychology have used
various features to perform preattentive visual tasks. The important two detections that are
utilized in the information visualization design are target detection and boundary detection. Target
detection helps to detect the presence or absence of “target” elements with a unique visual
feature within a field of distractor elements (Healey, C. G., 2007; see Figure 8).
Boundary detection is the recognition of the texture boundary between two groups of
elements (see Figure 9). Hues and saturations are useful to separate visual elements from the
surrounding elements, which motivates to perform a visual search for information (see Figure 10).
Each visual example of six form attributes calls attention to a part of the visualization. Sub-
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attributes of movement are flicker and motion, which can call attention to a specific visual
component; however, it must be carefully utilized as it can become a distraction from the rest of
the information. Two-dimensional (2D) positioning, stereoscopic depth, and concave and convex
positioning must be considered in spatial positioning. 2D positioning is recognized as the best
visual method of delivering data for quantitative data representations. 2D positioning in spatial
positioning of information visualization was used in this research as a means for reflection on the
information that requires comparisons.

Figure 8. Four most popular Preattentive Visual Properties

Figure 9. A boundary detection from Treisman’s Experiments
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Figure 10. Searching for a target pink circle based on differences in hue. a) on a distractor (pink)
in a sea of black colored circles. b) distractor is absent.

These four preattentive attributes can be applied to utilize the science of vision to improve
information visualization (Ware, 2019). This research tests color, form (icon & text), and
movement (animation) preattentive attributes in the visual notifications on smart devices to
reduce the cognitive effort to understand information and encourages sensory memory by testing
user experience with each preattentive attribute and combination of preattentive attributes.

Gestalt Principles

Gestalt Principles are laws of human perception on how people group similar elements,
recognize patterns, and simplify complex images. Designers use the principles to organize content
on user interface design in digital platforms, such as websites, apps, and operating systems on
smart devices as well as print media designs. The goal is not only aesthetically pleasing design but
also to provide an effortless user experience.
The term, “Gestalt,” is from German and means “unified whole.” In the 1920s, German
psychologists – Max Wertheimer, Kurt Koffka, and Wolfgang Kohler— were motivated to
comprehend how humans typically attain meaningful perceptions from the chaotic stimuli around
them (Britannica, 2008). They discovered a set of laws, which demonstrate the natural compulsion
to discover order in disorder. In other words, the mind informs what the eye sees by perceiving a
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series of individual elements as a whole. The principles have been adopted in the design industry
for long years. The advancement of technology has introduced beyond the traditional venues into
new areas and experiences; however, the Gestalt Principles are extensively utilized to design
principles in any form of visual design. There are more than ten principles and some of them have
similar ideas. The four most widely recognized ones are utilized in the visual notification design in
this research.

Closure (Reification)

We see and understand things based on partial information. Humans are inclined to
perceive objects as complete shapes rather than focusing on the gaps that objects might contain.
For example, figure 11 on the right has an absence of shapes as complete shapes. This
comprehension process to complete shapes and figures is called closure (Brennan & Houde, 2017).
Individuals perceive visual information – shapes, letters, pictures, etc. – as a whole when it is
incomplete. When parts of a whole are missing, our perception fills in the visual gap. The research
discovered that the human mind completes a figure to increase the uniformity of surrounding
stimuli. If the law of closure does not exist, the image on the right in figure 11 would depict an
assortment of shapes of different sizes. Often, icon design in the user interface serves as a vehicle
for the principle of closure. All digital software and apps include sets of icons to communicate
function through a minimalist visual design. Although the simplicity of icons is the key for clear
communication, it is important to provide clear labels if icons are new to the interface design
standard. The icon stimuli in this research tests with the standard icons only to avoid any potential
communication issues.
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Figure 11. Gestalt Principles – Closure (Reification)
Similarity

The law of similarity represents the same closed area to show they stand apart from other
groups (see Figure 12). It appears in the form of shape, size, and color. When it comes to user
interface design, visual traits must be related. Consistent visual rules for each type of user interface
are critical in helping users understand the functions easily. Each interaction occurs, users will
expect a similar function on other similar elements because items with similar visual
characteristics are assumed to be related in some way. Color is one way to signify the certain items
are related. In fact, the color tends to be more prominently visible than other traits. Further, color
creates the perception of grouping despite the random patterns across different shapes. For
instance, figure 12 on the right portrays 16 circles all equal distance apart from one another
forming a square. 8 of the circles are shaded black, and 8 of the circles are shaded pink. Each color
group circles are grouped together forming 4 horizontal lines within the square of circles, which is
due to the law of similarity (Soegaard, 2010). Color is used to indicate common functionality in
user interface design. It is best to use a single color for clickable elements as a primary method to
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communicate to users what is clickable. Users will recognize those elements as the visual cue of
function of their user experience. The same color also indicates the same level of importance.
Thus, the primary color element should stand out among secondary color elements.

Figure 12. Gestalt Principles – Similarity.

Shape indicates grouping also. Figure 12 on the left illustrates the grouping by 9 circle
shapes and 7 triangle shapes. The same shape to a particular element in the user interface
indicates different functions and relationships. When elements share a shape, users may assume
they are the same. The similarity in visual elements can create miscommunication in that they are
labeled or function. There’s a fine line between confirming that a set of icons appear visually
coherent and signaling a strong relationship between unintended pairs.
Size is another method of grouping. Similar size elements are perceived as related and
display the same level of importance. Size is used to emphasize areas of content or call to action
that is important. The same size means the same visual prominence and equality. Often, size is
used consistently to create a visual hierarchy in design, which makes information easy to browse
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and identifies the types of groupings immediately. However, elements can be perceived as being
related when various types of content are displayed at a similar size.

Proximity

The idea of how people decide whether certain elements are part of the same group or
not was an important discovery in the 20th century. Continuously from closure to similarity, they
are extremely important in the visual design of digital interfaces. Proximity is about how an
individual perceives an assortment of elements when they are close to each other. For example,
figure 13 illustrates that there are collections of circles in groups among 16 circles. The left side of
the image has 16 circles as a group whereas there are 4 groups of 4 circles on the right side of the
image (see Figure13). Proximity is used in UI design profoundly as it is a key to a successful
interactive interface because it gives visual cues by assigning related elements to close together
and divorcing unrelated elements. This law is one of the key principles that is used in the user
interface design comprehensively with other grouping principles in order to translate functions of
elements for the successful interaction with the interface. The whitespace surrounding united
elements or separated elements determines the meaning of grouping. The extra whitespace
between elements defines the distinctive functionalities in the user interface design and is critical
to give attention to the certain element from the rest of the elements. In addition, the advantage
of proximity to create meaningful groups occurs in the text content. The whitespace around the
headings gives a visual cue to the paragraphs they are associated with because they are placed
closer to each other than the text from the preceding section. It is important to pay attention to
the proximity of elements as the responsive layout design is mandatory as a variety of screens are
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available for users to access the same information. In other words, scaling up and down changes
the whitespace between elements and influences the relationships in groups.

Figure 13. Gestalt Principles – Proximity.

Colors

Color imparts vitality and provides visual continuity. The most important function of color
in the user experience is it gives feedback in response to user action and helps individuals to
visualize information. Few studies have examined the effects of attention on color perception as
endogenous attention. Attention is captured subconsciously before conscious attention happens
with the interaction with color because it highlights important information when used sparingly
(Prinzmetal et al., 1998). Pintzmetal’s research suggested that attention makes hue perception
more veridical because attention affects the variability in responses by color. Other researchers
tested discrimination thresholds of peripheral-colored gratings with and without concurrent
central tasks (Morrone et at., 2004). The features of luminance and color can attract objective
attentional resources; however, concurrent central color tasks are impaired with the peripheral
color tasks while a peripheral luminance task is impaired with a concurrent central luminance task.
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A study by Blaser observed the color saturation and endogenous attention and found that
attention increased the salience of the attended color despite the saturation (Blaser et al., 1999).
It is known that color influences one’s decision-making because colors reduce uncertainty
at the level of decision-making and enhance visual signals (Ling & Carrasco, 2006). The research
found that attention to color is an effortless process that does not require conscious search and is
entirely based on color (Babin et al., 2003). It is a powerful visual language in user interface and
user experience. It reflects the personality of the brand and the function that can provide clear
communication with users. Always, the brand identity manual and user interface design standard
include the color guideline prominently. A study proved that visual color cues can predict one’s
purchasing behavior and perception of product quality for well-known and unknown brands,
which validated the voluntary and involuntary attention and attraction to colors when people
choose packages (Kawasaki & Yamaguchi, 2012). When colors are employed correctly, it provides
subconscious aesthetic needs from users and an effortless and intuitive user experience.

Color preference and emotion

How people respond to colors varies. Blue is the most popular color in the U.S., and it is
possible that it is influenced by the ancestral environment from the evolutionary aesthetics
(Dutton, 2003). Color preferences change by ambient temperature. People in the cold weather
prefer warm colors while people in the hot weather favor cool colors. Sex has also been shown to
influence how colors are received. Sex differences in color association occur only among adults
(Hull et al., 2011). Some research found that males prefer cool colors while females favor warm
colors (Whitfield & Whiltshire, 1990). For example, monochromatic shades (e.g., black, gray, and
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white) are acknowledged more positively by males than females (Satyendra, 2006). Women and
men did not agree on what colors they prefer the most, which suggest they prefer different colors
and misperceive colors from the opposite sex’s viewpoints.
Children love colors. They pick items that are in colors only regardless of sex difference. In
fact, they are not interested in sex bias colors and tend to pick colors they truly like. The research
found that adults have a fondness for blue while yellow is the most popular color in children due
to the associations with happiness (Aslam, 2006). Amusingly, the color preference of adults can
be easily influenced, but children like colors they feel pleasant and comforting. The cultural
background has a significant influence on color preference. A study found that people from the
same region have a similar color preference and common associations of colors to a certain
emotion regardless of ethnicity (Whitfield & Whiltshire, 1990).
Therefore, it is important to understand how different colors are perceived to mean things
differently based on color psychology. In particular, colors are used to represent important
concepts and functions in the user interface design. The meaning of colors plays an important role
in order to provoke the right emotions from users to get the desired responses. Table 1 describes
the perceived meanings of different colors in the United States.
Table 1. Fundamental Concepts about Colors (Bottomley & Doyle, 2006)
Color
RED
YELLOW
ORANGE
GREEN
BLUE

Meaning & Key words
Energy, Passion, Attention, Courage, Stimulate,
Caution, Anger, Love
Happiness, Inexpensive, Enthusiasm, Positivity,
Awareness
Optimistic, Adventurous, Creative, Fascinate
Nature, Growth, Balance, Eco-friendly, Health, Wealth
Trust, Honest, Order, Loyalty, Calmness, Openness,
Reliability
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Usage Pattern
Warnings, Food, Children Product, Entertainment
Warning, Signs, Traffic Signals, Discount Stores,
Leisure
Entertainment, Food, Sports, Hardware, Art
Environment, sustainability, outdoor products,
hospital
Social medias, Finance, Travel, Insurance, Technology,
Security, Accounting

This research is interested in the color preference in the visual notifications on smart
devices. The contrast is an important key visual signal with the color preference as it improves the
accessibility significantly for color blind people, which is one of the most common impairments
(less than 10% of the population) and affects individuals using smart devices. Red from green or
blue from orange is the most common challenging combination, yet it has been used on a variety
of platforms. For example, instead of using red and green of the same shapes to indicate offline
and online, each color can have different shades (see Figure 14). Considering the combination of
visual signals (e.g., color and symbols or icons) is important to increase attention in the user
interface design. Color blindness will be studied in the future. It is not a concern in this particular
research.

Figure 14. Color blindness: Red-blind/Protanopia Color Blindness (left), Without Color Blindness
(center), Green-blind/Deuteranopia Color Blindness (right).

Finding shades that provide enough contrast between content and the background for
anyone with low vision impairments and color deficiencies is not easy but must be done. Color
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contrast encourages attention to a particular color from another. It diminishes eyestrain and
brings users’ attention to a screen (see Figure 15). Color theory is vital to the user experience in
order to create not only aesthetically pleasing content, but also provide readability and legibility.
When designing mobile screens, environment and conditions must be cogitated due to brightness
changes and screen glare, which influences colors. Therefore, the contrast ratios become
important to demonstrate the difference between the two colors.

Figure 15. Impact of Color Contrast

Typography (Text)

Typography is a cornerstone of web and app experience. It communicates the intent and purpose
to users clearly. Typography describes the arrangement of type to make written language legible
and appealing when displayed. Typefaces, sizes, line-spacing (leading), letter-spacing (kerning),
and word-spacing (tracking) are types of arrangement. The term typography refers to the style
arrangement, and appearance of the letters and numbers. The World Wide Web Consortium
(W3C) suggested the contrast ratios in terms of text sizes and colors. This particular ratio helps
users with color blindness, vision, and legibility of text on the screen. The same contrast ratios are
recommended on other types of visual signals, such as icons, line weights, etc. Android and Apple
also have interface guidelines for the visual designs as well as recommendations on the color
contrast and text sizes, which is the same as W3C suggestions (see Table 2). “SF Pro Text” typeface
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is a font for iOS system users and “Roboto” is for Android users. It is going to be used as the default
font and size in the study of visual stimuli to provide real-world experience.

Table 2. Contrast Ratios for Color and Text Size (Caldwell et. al., 2008)

Small Text (Up to 17pt regular)
Large Text (18pt regular and above)
Any Bold Text
Color to another color

4.5:1
3:1
3:1
1:1 or 1:2

Icons

Icons are everywhere. They have been around us for a very long time. Imagine a world
without stop signs on the street. There is going to be chaos and more traffic on the street. The
reason why the symbols and icons are exceptionally extraordinary is the meaning can be
understood effortlessly without any additional explanation or details. In fact, it is one of the first
elements used in the first user interfaces and has a significant role in screen design today.
The world “icon” is from the Greek εἰκόνα (“eikona”). It means, “image” and
“resemblance.” The digital icons are a pictogram and a fast comprehensible symbol for a digital
platform. It has been an important part of the graphical user interface ever since operating
systems (e.g., iOS and Android) came out and largely supplanted the text-based interface. Icons
are more suitable for universal communication than text as language translation is not required
(Horton, 1996). They were introduced as a new way of using digital platforms. The simplicity of
use and intuitiveness made icons a very popular solution for the user interface design. The
symbolisms of common uses and actions have been standardized by operating system providers.
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Small screens require efficiency and highly intuitive interaction from users. Icons are
perfect for overcoming language barriers and holding universal meaning. In other words, icons can
provide an extremely accessible user interface, because they can be independent of colors and
text. They are a conversational sense of the terms that influencesusers’ decision-making (Creusen
et al., 2010). Although there are many positive outcomes of icon usage, very little research is done
on interface icons and inconsistent results on the app icon design.
The effectiveness of icon studies is often focused on the icon aesthetics of apps whether
descriptive (depicted real objects) or abstractive (no obvious connections of real objects) icons are
more effective from a user perspective (Hou & Ho, 2013). However, the results are conflicting.
Some studies found that users prefer the descriptive icon design (McDougall et al., 2000, Hou &
Ho, 2013) while others found the abstractive icon design is more effective (McDougall et al., 1998,
Arend et al., 1987). Some prior studies proposed that semantic distance and familiarity may be
more vital than the level of descriptiveness of icons (Schröder and Ziefle, 2008). Some prior
research studied interface icon design and found that simple icon design provides the highest user
satisfaction (McDougall et al., 2016). Icon processing is improved when icons have familiarity and
meaning that provides fast information processing and attractiveness to users. Based on the
literature reviews, the coherent body of knowledge on understanding how icon aesthetics affect
perception and behaviors is because there are only a few studies on icons and the results are
varied and inconsistent. As the literature on icon designs is limited, it is important to advance
knowledge on understanding icon design.
Thus, this research explores the effectiveness, attractiveness, and functionality of icons as
well as attractiveness to a certain demographic user group in the visual notifications. System
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standard icons are utilized to maximize the familiarity as the icon aesthetics are not a concern of
this study.

Usability Testing
Nielsen’s Heuristic

Heuristics are frequently employed throughout different phases of the design process to
evaluate the usability of the interface. It provides researchers with a practical means to
meritoriously assess designs. Nielsen’s 10 usability heuristics (1994) is one of the most frequently
used evaluation tools on interface design. In many cases, it has been modified in order to be
applicable in a rapidly changing technical environment. Often, heuristic evaluation is utilized
several times as part of a design iteration process. The evaluation method requires recruiting a
small set of evaluators, who examine the interface design with 10 usability heuristics (see
Appendix B). Nielsen found that the effectiveness of the heuristic evaluation was improved by
involving many evaluators (Nielsen, 1992). It is possible that some usability issues can be identified
easily and by almost all evaluators while other issues can be discovered by very few evaluators.
Nielson recommends three to five evaluators and a larger group of evaluators do not provide much
additional information in the usability testing practice (Nielsen, 1994).
A general recommendation prior to conducting the heuristic evaluation is to have users
experiencing the interface at least twice – the first is to get a sense of the flow and interaction of
the system and the second is to focus on interface elements while understanding how they are
assigned into the larger whole. However, it is feasible to execute a heuristic evaluation of user
interfaces that live on paper only when the design has not been implemented yet (Nielson, 1990).
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Heuristic evaluation does not deliver a methodical way to construct fixes to the usability issues or
a way to measure the probability of redesign quality. It aims to guide the direction of revised design
that does not disrupt the principle of a good interactive system based on the explanation of each
observed usability issue with reference to recognized usability principles.
The details of each usability heuristic for users’ perception of their usability are as follows.
“Visibility of system status” is about the visibility of appropriate and timely feedback on the
interaction. A visual sign can help users to understand their present status rather than leaving
them in suspicion. It must be simple and straightforward. “Match between system and the real
world” is to use users’ language that is familiar to them. It must be a natural and logical order that
is easy to use effortlessly without conscious effort. “User control and freedom learnability” is to
provide an exit from unwanted dialogue that must be easily noticeable without training.
“Consistency and standards” are about a comprehensible system that does not confuse users with
different visuals or actions for the same concepts. “Error prevention” refers to two things – one is
slip, which happens due to users’ low attention and another one is mistakes that are caused by
users’ incorrect mental map of the system. Either way, the kind suggestion and confirmation
dialogs with a consistent design system can help to prevent these. “Recognition rather than recall”
aims to retrieve information from the memory effortlessly. It offers easy navigation of the
interface and quickly scans through icons or text information. often, all options are available to
make a choice. “Flexibility and efficiency of use” is about providing relevant information based on
the needs and actions of users, which help users to complete tasks efficiently with flexibility.
“Aesthetic and minimalist user interface design” is to help users to access important information
quickly with only necessary elements. It helps to provide whitespace in the design layout that
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increases contrast and content legibility and creates a pleasurable design with design consistency.
Errors are always frustrating for users, who situate themselves in errors. “Help users recognize,
diagnose, and recover from errors” is about how to diminish the annoyance in the user experience.
The message should be concise, precise, and easy to understand with politeness. Finally, “help and
documentation” is to accept the fact that every user has different skills and levels of knowledge.
The user interface should be designed for all levels of users by recognizing their differences with
different purposes of tasks.
There are many questionnaires to evaluate usability for software applications, such as the
Computer Satisfaction Inventory (CUSI), the Software Usability Measurement Inventory (SUMI),
and many more; however, these tools provide generic information, not specific to the user
perception. Understanding how users perceive the usability principle while interacting with the
visual notifications on smart devices is the focus of this study. Nielsen’s heuristic provides a robust
usability rating. Few studies were utilized Nielsen’s heuristic with a five-point or a seven-point
Likert-like scale (Santos et. al., 2015, Jerome et. al., 2007). Further, usability studies using other
types of heuristics employ a five-point Likert-like scale to evaluate applications (Koohang, 2004,
Humayoun et. al., 2017, Erenler & Hale, 2018). Thus, this study adopted a five-point Likert-like
scale with Nielsen’s heuristic.

System Usability Scale (SUS)

The 10-item System Usability Scale (SUS) (Brooke, 1996) is an overall view of subjective
assessment of usability. It consists of a 10-item questionnaire with five response options for
respondents. It has been used to test websites, apps, software, and hardware. The SUS was
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designed to measure the highly subjective view of usability only. Nevertheless, it gauges
satisfaction and usability, and learnability (Lewis & Sauro, 2009) (Borsci et al., 2009).
The SUS is a robust measurement of usability even in a smaller sample size (Tullis & Stetson,
2004). Bangor conducted a study to evaluate the usability of different services using the SUS and
they found the mean SUS score, 70.14 with a median of 75 as well as Cronbach’s alpha, 0.91 from
200 studies with approximately 2,300 respondents. In addition, less than 6% of the scores from
the studies were below 50.42 (Bangor et al., 2008).
Tullis and Stetson tested five different usability scales to measure the usability of two
websites, including, the Computer System Usability Questionnaire (CSUQ), the System Usability
Scale (SUS), two vendor-specific surveys, and the Questionnaire for User Interaction Satisfaction
(QUIS) (Tullis & Stetson, 2004). They discovered that the SUS delivered the best reliable results
regardless of sample sizes. Further, the SUS extracted an accurate conclusion in over 90% of cases
even with smaller sample sizes under 14. Based on the literature reviews, it proves the reliability
of the SUS to test usability is extremely high regardless of the sample size.

System Usability Scale (Subjective Measure) VS. Nielsen’s Heuristic (Objective Measure)

The System Usability Scale (SUS) is a standardized metric to measure a landscape of
perception of interfaces on hardware, software, websites, and many more. It is a versatile tool and
helps to look for subjective usability measures. The comparison of usability ratings for systems
with similar functions is a great way to use SUS effectively to determine which system is more
usable and accessible. However, the SUS is an extremely subjective measure of perceived usability
because it is designed with qualifying adjectives in mind (Brooke, 1996). It is important to
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acknowledge that the SUS is not an objective usability measure of a system's usability. The
construct of perceived usability has many flaws because people are inconsistent and biased while
rating their own user experience after interacting with a system. In other words, the SUS can gauge
only an individual user’s version of the interaction with a system. It is users’ impression of how to
remember and perceive the system overall; however, it does not diagnose any detailed issues in
user experience. The SUS scores tell how much more or less usable one system is over the other,
but it does not explain why it is more or less usable. Therefore, it should not be the only method
to determine the user experience of a system. The SUS must be implemented alongside objective
measures to balance the perceived usability findings (Brooke, 2013).
The heuristic evaluation is to access the usability issues in a user interface whether they
are minor or major programs. There are many established heuristics (e.g., Nielsen’s), which
identify the user interface design issues to enhance the user experience of a system. When
interfaces are poorly designed, it creates insecurity, noise, and stress for the users, which likely
influence the perception of usability subjectively due to the negative user experience. Nielsen’s
Heuristics looks at 10 factors (objective usability measures) that affect user experience, which
helps to identify the strengths and weaknesses of the interface design. These heuristic factors
inspect essential objectives in the composition of interfaces. The heuristic evaluation is a pluralistic
walkthrough or cognitive walkthrough (Lewis et al., 1990) that guides users to evaluate user
experience objectively based on heuristic factors. It is a common practice that the heuristic
evaluation is advised to be done by a small group of usability experts, not a large number of endusers. However, it is possible that usability experts can be biased in the process of the heuristic
evaluation and capture partial user interface issues, not all. In addition, the severity ratings of user
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interfaces determined by usability experts are highly subjective. Thus, it is possible that end users
might have different agony points in user interface design, which are not recognized by the
usability experts. Today, end-users are much more knowledgeable about the concepts of usability,
and they have the capacity to rate a system on the heuristics using a rating scale. One of the
purposes of this dissertation is to demonstrate the direct rating of the heuristics as an objective
usability measure to identify specific usability issues in systems that the SUS does not provide.
Both methods – System Usability Scale and Heuristic Evaluation – are essential for this
research to reveal both the satisfactory user experience in the user interface of the visual
notification at the subjective and objective levels. It is possible that users might feel comfortable
with the current visual notification due to the familiarity regardless of useability issues. However,
the heuristic evaluation can provide objective insights to recognize the visual notifications that
provide positive user experiences accurately without personal bias while perceiving useability.

PRESENT STUDY
As discussed, there has been very little improvement in the visual notifications in the user
interface design. Understanding the user perspective is critical providing a robust and intuitive
notification experience to be more efficient and easier to make decisions when it is necessary.
Many notifications are beneficial and help users to be informed. However, the number of
notifications users receive daily is unreal and the visual communication in the user interface is
unclear and inconsistent. Today, users feel bombarded by notifications and rather disable
notifications or remove apps entirely. A better understanding of how users perceive notifications’
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usability will assist in defining better forms of visual notification signals to improve the design and
useability.
The goal of this dissertation is to examine the influence of different forms of visual
notification types (e.g., Text, Icon, and Text+Icon) in the context of perceived usability of visual
notification types on the smart devices from the user perspective.

Hypothesis

H1: Color will affect overall UX rating (Nielsen’s Heuristic and the SUS scores)
H2: Notification type will affect overall UX rating (Nielsen’s Heuristic and the SUS scores) with the
Icons or Text+Icon being higher than Text alone.

Exploratory Research Questions

ERQ 1: The effect of color on UX will be influenced by color preference.
ERQ 2: The effect of color on UX will be influenced by sex.
ERQ 3: The effect of visual notification types on UX will be influenced by the user's
background/experience.

This quantitative research study used an adaptation of existing instruments (Nielsen, 1994)
by adding a collection of visual notifications specific items and a widely accepted instrument, the
System Usability Scale (Brookes, 1986) to study usability in the visual notifications on the smart
devices from the user perspective. This methodology was used to understand perceptions of 10
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usability elements when different visual notification types were introduced to users and their
perceptions, experience, and comfort using them.

METHODS
Participants

A total of 592 college students and instructors from several universities in South Dakota,
Texas, and California participated in this study. Respondents who did not complete the survey in
its entirety were excluded from the analysis, leaving an N of 509. Then, 7 color-blind participants
data points were also removed, because including these data points decreases accuracy of the
data in terms of color effectiveness as it is one of the primary research interests. After eliminating
7 participants’ data, the final sample size is 502. Demographic data collected included age group,
biological sex, disciplines, location, color preference, and self-report color blindness.

Experimental Stimuli

A total of three visual notification signals – Text, Icon, and Text+Icon – were demonstrated
including the original visual notifications signal. All visual stimuli have been created with XD from
Adobe Creative Cloud, which is a vector-based tool to design and prototype user interfaces for
websites and mobile apps. The color contrast used for the visual stimuli is based on W3C
suggestions. Smart device system colors on iOS 15 and Android were used in the visual stimuli.
Four out of nine system colors – red, blue, yellow, and green – were used in this experiment, which
is the same in iOS and Android platforms. These colors are the most frequently used colors in app
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icons and interface designs on smart devices that provide the best contrast with an 80% gray
background color.

Figure 16. Smart Device System Colors on iOS 16 & Android.

Figure 17 is the visual notification types that are used in this experiment. “Roboto” for
Android and “SF Pro font” for iOS were used as the system font. Figure 18 is an example of how
these visual signals were displayed on the mobile display.

Figure 17. Visual Signals on the Visual Notifications in the Experiment
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Figure 18. Visual Notification on the Mobile Screen

Instrument

Participants were invited to participate in this study through a recruitment email (Appendix
A) which provided access to the survey delivered in Qualtrics. After a consent page, the survey
collected responses on a series of demographic and general questions, the 10-item Nielsen’s
Heuristic scale for objective user’s perception of the usability (Appendix B), and the 10-item
System Usability Scale for subjective user’s perception of the usability (Appendix C) with the same
given visual stimuli of visual notifications.
The first section of the survey instrument opened with a question identifying the user
characteristics, their color preferences, and self-reported color blindness to see if any possible bias
experiences exist. The second section of the survey focused on the 10-item Nielsen’s Heuristic
scale for objective users’ perception of the usability of the given visual notifications they see. These
items utilized a five-point Likert-like scale, ranging from “1 = strongly disagree” to “5 = strongly
agree.” Participants provided ratings related to their perception of usability elements of the given
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visual notifications. Nielsen’s Heuristic provides a composite score of the overall objective and
functional usability ranging from 0 to 100, which are raw scores. The third section of the survey
instrument was the System Usability Scale (SUS) for subjective user’s perception of the usability,
which is a 10-item questionnaire using a 5-point response scale ranging from “1 = Strongly
disagree” to 5=strongly agree.” This survey adjusted the 10 statements to reference the visual
notifications whereas the original SUS referenced “system” (Brook, 1986). The SUS generates a
composite score of overall usability ranging from 0 to 40 and converted to 0-100, by multiplying
by 2.5. Although SUS score ranges from 0 to 100, these scores are not percentages and should be
communicated as raw scores or by converting the original SUS score into a percentile. From
Sauro’s research involving 50 evaluations, the average SUS score is a 68, leaving anything below a
68 as below average (Sauro, 2010).
Participants were randomly assigned to four groups. Each group was exposed to one color
of visual notification – Red, Blue, Yellow, and Green – and to all three conditions of visual
notification types – Text, Icon, and Text+Icon. Participants responded to heatmap tests,
performance questions, Nielsen’s Heuristic evaluation (objective usability measure), and SUS
(subjective usability measure) each time different types of visual notifications displays with the
new color based on four chosen system colors from iOS and Android platform. The displayed colors
of the visual notification types were randomized to minimize the influence of personal color
preference.
The heatmap tests and performance questions measured the participants’ performances
and accuracy of their given tasks in between each visual notification type in order to identify the
visual notification types that increase the performance without bias influences. Participants were
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asked to do the heatmap test and performance questions when a new visual notification type was
introduced. The heatmaps were to help participants to draw attention to certain areas on the
screen where the notifications are located. The participants saw an image of a phone screen that
has several apps with and without notifications. Then, they were asked to click 3 places at least on
the screen where the most unread notifications are located that needed attention. The locations
where participants clicked on the phone screen image were logged for heatmap analysis. Two
performance questions were displayed right after the heatmap test without any images, which are
follow-up questions about the image that they just interacted with in order to measure the task
accuracy rate. Performance questions consist of simple questions that test their recognition of the
visual notification, such as “Was there a notification on the email app?”, “Was there a notification
on the calendar app?”, and “Were there apps with several kinds of notifications?.”
After completion of heatmap tests and performance questions, participants were exposed
to see a phone screen image with one of the visual notification types. Then, they were asked to
respond to Nielsen’s Heuristic evaluation (objective usability measure) and SUS (subjective
usability measure) based on the types of visual notification they were exposed to.

Design & Analysis

Descriptive statistics are used to summarize and describe the demographic data collected
from participants. The primary hypotheses were evaluated with two one-way ANOVAs, one for
SUS and one for Heuristic evaluation with the display color as a between-subjects variable and the
notification type as a within-subjects factor. SUS score and composite rating on Nielsen’s Heuristic
are the dependent variables. Prior to conducting the ANOVAs, the assumption of normality was

47

evaluated and determined to be satisfied as the three groups’ distributions are associated with
skew and kurtosis less than |2.0| and |9.0|, respectively (Schmider, Ziegler, Danay, Beyer, &
Bühner, 2010). Hypotheses 1 and 2 were confirmed by two separate ANOVAs. Exploratory
Research Questions were evaluated using ANOVAs with biological sex, color preference,
background experience, and entered as independent variables.

RESULTS
The following variables were obtained for each participant: demographic data (biological
sex, age, color preferences, smart device platforms, and discipline. The data were explored to
examine several crucial preliminary topics regarding missing data and potential outliers. There
were 83 missing data as 83 participants were incomplete their survey. A total of 509 participants
completed the experimental procedure. 83 participants were removed from the analyses. In
addition, preliminary data screening did not indicate any serious violation of the assumption of
multivariate normality or of the assumption of linearity of associations between quantitative
outcome variables. There were 7 color-blind participants out of 509 participants. Including these
participants reduces the precision and accuracy of the data in color effectiveness. Thus, these 7
participants’ data were carefully removed and that left 502 data points. Demographic data (see
Table 3) collected included age, biological sex, disciplines, color preferences, and smart device
platforms.
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Table 3. Demographic Information of Participants
Sex

Age

Discipline
Color Preference

Smart Device Platforms

Demographics
Male
Female
Neither
18-22 (Generation Z)
23-38 (Millennials)
39-54 (Generation X)
55-74 (Baby Boomers)
Art and Design Majors
Non-Art and Design Majors
Red
Blue
Yellow
Green
None of Them

Android
iOS

Number

182
313
7
278
160
49
15
257
245
75
200
131
47
49
72
430

Percentage
36.25
62.35
1.39
55.38
31.87
9.76
2.99
51.20
48.80
14.94
39.84
26.10
9.36
9.76

14.34
85.66

We expected that the Heuristic scores and the SUS scores would be correlated. A Pearson
correlation coefficient was computed to assess the linear relationship between Heuristic scores
and SUS scores. A Pearson’s correlation analysis indicated that were was a strong, positive, and
significant correlation between total Heuristic scores and the SUS scores in Icon notification type,
r = .79, n = 502, p< .001, and Text+Icon notification type, r = .78, n = 495, p < .001. The Text
notification type has moderate positive correlation between Heuristic scores and the SUS scores
with r = .6, n = 502, p < .001.
Heuristic scores and the SUS scores are expected to be correlated because they are
designed to be measuring the same underlying construct (e.g., usability). Using MANOVA in this
sense can produce too much power and find effects that are not meaningful. MANOVA is also
more useful when the measure of dependent variables can control for variability that might be
influencing the sent dependent variables (e.g., speed and accuracy). While the SUS does not affect
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Heuristic evaluation scores the usability of systems, it affects both simultaneously not one as a
function of the other.
Table 4. Correlation between Heuristics and SUS across Notification Types

Hypothesis 1. Effectiveness of Colors

Hypothesis 1 stated that indicator color would affect user experience rating (Total Heuristic
scores and SUS scores). To test Hypothesis 1, the four main system colors – red, blue, yellow, and
green – on the smart device systems were used.
SUS Score (Subjective Usability Measure). A repeated measure ANOVA was conducted to
compare the color effectiveness on notification types in Text, Icon, and Text+Icon conditions for
SUS. There was a marginally significant effect for colors and visual notification types, F (3, 491) =
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2.39, p = .068 (see Table 5). The mean and standard error are reported for the System Usability
Scale (see Table 6). A mean System Usability Scale (SUS) score of 70.2 was found in the red color.
The SUS is reported as a raw score ranging from 0 to 100 (Brookers, 1986). The average SUS score
is 68, so this finding indicates that the red provides a positive subjective user experience. The SUS
score of 67 was blue, which is 1 point below the average of the SUS score. The yellow color was
65.93 and the green was 65.15 score of SUS (see Figure 19). The results suggest that the red color
encourages a positive subjective user experience. There are no real differences in the subjective
user experience when comparing green and yellow.
Table 5. Repeated Measure of SUS Score – Between Subjects Effects
Between Subjects Effects
Cases

Color
Residuals

Sum of Squares

5724.437
392426.472

df

Mean Square

3
491

Note. Type III Sum of Squares

Figure 19. SUS Mean Score between Colors
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1908.146
799.239

F

p

2.387

η²

0.068

0.007

Heuristic Score (Objective Usability Metrics). The repeated measures ANOVAs were
conducted to compare the color effectiveness on visual notification types in Text, Icon, and
Text+Icon conditions. There was a statistically significant effect of the colors and visual notification
types, F (3, 491) = 4.71, p = .003 (see Table 6). Nielsen’s Heuristics is reported as a raw score
ranging from 0 to 100 to match the scale of SUS. The average Heuristics score is 70. The research
findings indicate red provides the most positive objective user experience with a 76.6 followed by
similarly Yellow (71.62) and blue (71.34) (see Figure 20). The results suggest that all three colors –
red, yellow, and blue – encourage a positive objective user experience.
Table 6. Repeated Measure of Heuristic Scores – Between Subjects Effects
Between Subjects Effects
Cases

Color
Residuals

Sum of Squares

10434.602
362957.301

df

Mean Square

3
491

Note. Type III Sum of Squares

Figure 20. Heuristic Mean Score between Colors
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3478.201
739.221

F

p

4.705

η²

0.003

0.017

Hypothesis 2. Visual Notification Types – Text, Icon, and Text+Icon

Hypothesis 2 stated that types of visual notifications should affect user experience rating
(Total Heuristic score and the SUS score). To test Hypothesis 2, the three main visual notification
types – Text, Icon, and Text+Icon were used. A total of 502 data points were used including color
blind participants as the color does not influence favoring a certain type of visual notifications. A
repeated-measure ANOVA determined that mean Heuristic and SUS scores differed significantly
across three visual notification types. The results for ANOVA indicate a significant visual
notification type affecting user experience on the smart devices notification system.

SUS Score (Subjective Usability). The mean SUS score differs significantly across the three
visual notification types with F (2, 982) = 158.11, p < .001 (see Table 8). A mean System Usability
Scale (SUS) score demonstrates higher user experience in the Text notification with 77.16 as a
heuristic score. However, mean scores of Text+Icon and Icon notifications indicate a belowaverage user experience (65.88 and 58.2, respectively). The SUS is reported as a raw score ranging
from 0 to 100 (Brookers, 1986). According to Sauro (2011), the average SUS score is 68, so the
findings from this research of 66 SUS scores in Text+Icon notification and 58 in Icon notification
suggest that participants feel the current notification (Text) (mean = 77) provides a better user
experience in relation to system usability at the subjective level. Participants do not feel that the
Icon notification type provides a good user experience at all.
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Table 7. Descriptive Statistics of Visual Notification Types in Heuristic and SUS Scores

Heuristic Text
Heuristic Icon
Heuristic Text+Icon
SUS Text
SUS Icon
SUS Text+Icon
Valid N(listwise)

N
502
502
502
502
502
502
502

Mean
77.69
67.08
73.02
77.16
58.20
65.88

Std. Error
.788
.940
.948
.77846
1.0534
1.0064

Table 8. Repeated Measure of SUS Score – Within Subjects Effects
Within Subjects Effects
Cases
Visual Notification Types

Sum of Squares
90366.711ᵃ
2503.514ᵃ

df

2
6

Mean Square
45183.356ᵃ
417.252ᵃ

Visual Notification Types!" Color
Residuals
280630.249
982
285.774
Note. Type III Sum of Squares
ᵃ Mauchly's test of sphericity indicates that the assumption of sphericity is violated (p < .05).

F
158.109ᵃ
1.460ᵃ

p
< .001ᵃ
0.189ᵃ

η²
0.117
0.003

Heuristic Score (Objective Usability). A repeated-measure ANOVA determined that the
mean total Heuristic score differed significantly across the three visual notification types F (2, 982)
= 63.51, p < .001 (see Table 10). A post hoc pairwise comparison using the Bonferroni correction
revealed a significant difference between Text and Text+Icon visual notification types (77.69 and
73.02, respectively) and they were statistically significant with p < .001. The heuristic score in Text,
77.69, and Text+Icon, 73.02, visual notification types did demonstrate better user experience
when compared to the Icon visual notification, 67.08. The research finding suggests that
participants were experiencing a more positive user experience with Text and Text+Icon at the
objective level.
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Table 9. SUS Score pairwise comparisons

(I)Indicator
Text

Icon
Text+Icon

(J) Indicator
Icon
Text+Icon
Text
Text+Icon
Text
Icon

Mean Difference
(I-J)
18.954
11.280
-18.954
-7.674
-11.280
7.674

Std. Error
1.204
1.125
1.204
.825
1.125
.825

Sig.

<.001
<.001
<.001
<.001
<.001
<.001

95% Confidence Interval for
Difference
Lower Bound
Upper Bound
16.589
21.319
9.070
13.490
-21.319
-16.589
-9.295
-6.054
-13.490
-9.070
6.054
9.295

Table 10. Repeated measure of Heuristic Scores – Within Subjects Effects
Within Subjects Effects
Cases

Sum of Squares

Visual Notification Types

df

28192.569 ᵃ

2ᵃ

3509.816 ᵃ

Visual Notification Types!" Color
Residuals

217951.372

6ᵃ
982

Mean Square

F

14096.284 ᵃ 63.512 ᵃ
584.969 ᵃ

2.636 ᵃ

p

η²

< .001 ᵃ

0.045

0.015 ᵃ

0.006

221.946

Note. Type III Sum of Squares
ᵃ Mauchly's test of sphericity indicates that the assumption of sphericity is violated (p < .05).

Table 11. Heuristic Score pairwise comparisons

(I)Indicator
Text

Icon
Text+Icon

(J) Indicator
Icon
Text+Icon
Text
Text+Icon
Text
Icon

Mean Difference
(I-J)
19.491
11.817
-19.491
-7.674
-11.817
7.674

Std. Error
1.241
1.227
1.241
.825
1.227
.825

Sig.

<.001
<.001
<.001
<.001
<.001
<.001

95% Confidence Interval for
Difference
Lower Bound
Upper Bound
17.054
21.929
9.407
14.227
-21.929
-17.054
-9.295
-6.054
-14.227
-9.407
6.054
9.295

Heuristic Items. Further examination of each heuristic item was done to better understand
the relationship between visual notification types. Item number 10, Help and Documentation
(Feedback) – The notifications help to differentiate types of notifications for their purpose, was
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significantly improved for both Icon (M=3.74) (see Table 13) and Text+Icon (M=3.94) (see Table
14) notification types from Text (M=3.21) (see Table 12) notification. Item number 9, Help Users
Recognize, Diagnose, and Recover from Errors – Readability – Information on the notifications is
concise and easy to understand was significantly restrained for both Icon (M=3.21) (see Table 13)
and Text+Icon (M=3.59) (see Table 14) in comparison to Text (3.97) (see Table 12). The heuristic
score decreases were observed in items number 1 through 4 on Icon and Text+Icon. However, it
is possible that participants gave higher scores on these items due to their familiarity with the
current visual notification type (Text) as these questions ask about simplicity, how easy it is to use,
learnability, and consistency (Appendix B). It is possible that the readability can be increased and
decreased by the size of the Icons. Since icon and Text+Icon have more complex graphic details,
further usability testing on different sizes might be helpful. It would require more research to
replicate in order to fully understand these interactions between heuristic items and visual
notification types.

Figure 21. Heuristic Each Item Mean Differences in Visual Notification Types – Text, Icon, and
Text+Icon
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Table 12. Text Notification Descriptive Statistics of Heuristic Items
Mean

Visibility of System Status
Match Between System and The Real
World
User Control and Freedom Learnability
Consistency and Standards
Error Prevention
Recognition Rather than Recall
Flexibility and Efficiency of Use
Aesthetic and Minimalist User Interface
Design
Help Users Recognize Diagnose, and
Recover, from Errors
Help and Documentation (Feedback)
Valid N (listwise)

N
Statistic
502

Minimum
Statistic
1

Maximum
Statistic
5

Statistic
4.26

Std. Error
.047

Std.
Deviation
Statistic
1.055

502
502
502
502
502
502

1
1
1
1
1
1

5
5
5
5
5
5

4.17
4.16
4.20
3.70
4.02
3.67

.046
.047
.046
.053
.050
.054

1.038
1.057
1.041
1.193
1.119
1.216

502

1

5

3.50

.061

1.356

502
502
502

1
1

5
5

3.97
3.21

.050
.060

1.122
1.346

Table 13. Icon Notification Descriptive Statistics of Heuristic Items
Mean

Visibility of System Status
Match Between System and The Real
World
User Control and Freedom Learnability
Consistency and Standards
Error Prevention
Recognition Rather than Recall
Flexibility and Efficiency of Use
Aesthetic and Minimalist User Interface
Design
Help Users Recognize Diagnose, and
Recover, from Errors
Help and Documentation (Feedback)
Valid N (listwise)

N
Statistic
502

Minimum
Statistic
1

Maximum
Statistic
5

Statistic
3.35

Std. Error
.060

Std.
Deviation
Statistic
1.338

502
502
502
502
502
502

1
1
1
1
1
1

5
5
5
5
5
5

3.36
3.37
3.43
3.20
3.37
3.34

.059
.057
.058
.058
.057
.056

1.312
1.271
1.292
1.292
1.287
1.245

502

1

5

3.18

.060

1.351

502
502
502

1
1

5
5

3.21
3.74

.057
.053

1.273
1.195
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Table 14. Text+Icon Notification Descriptive Statistics of Heuristic Items
Mean

Visibility of System Status
Match Between System and The Real
World
User Control and Freedom Learnability
Consistency and Standards
Error Prevention
Recognition Rather than Recall
Flexibility and Efficiency of Use
Aesthetic and Minimalist User Interface
Design
Help Users Recognize Diagnose, and
Recover, from Errors
Help and Documentation (Feedback)
Valid N (listwise)

N
Statistic
502

Minimum
Statistic
1

Maximum
Statistic
5

Statistic
3.71

Std. Error
.056

Std.
Deviation
Statistic
1.260

502
502
502
502
502
502

1
1
1
1
1
1

5
5
5
5
5
5

3.69
3.68
3.70
3.62
3.69
3.64

.055
.054
.055
.054
.054
.055

1.233
1.217
1.235
1.207
1.219
1.230

502

1

5

3.31

.060

1.348

502
502
502

1
1

5
5

3.59
3.94

.056
.050

1.255
1.114

EQ1. The effect of color preferences on UX is influenced by color Preference.
Figure 22 displays one of the demographic items – Color Preference of Participants. It
indicates that blue is the by far favorite color despite 62.35% of female participants, who favor
warm colors (Whitfield & Whiltshire, 1990). There was no significant interaction between the
Visual Notification Types, Color, and Color Preference in SUS scores with F (24, 950) = .764, p =
.785, η2 = .02. This finding suggests that there is no interaction between personal color
preferences and the most effective color for visual notification.

Figure 22. Color Preferences of Participants
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EQ 2. The effect of color on UX is influenced by sex.
There was no significant interaction between the Visual Notification Types, Color, and
Biological Sex in SUS scores with F (6, 974) = .04, p = .703, η2 = 0. This research suggests that there
is no interaction between Biological Sex and the most effective color for the visual notification.
However, there was a significant interaction between Biological Sex and Visual Notification Types
in SUS Scores with F (2, 974) = 13.36, p < .001, η2 = .027.
From the subjective user experience point of view with SUS score, females significantly
favor the Text (M=79.1) notification type over Icon (M=56.24) and Type+Icon (M=64.18) (see
Figure 23). The average SUS score is 68, so this finding indicates that only text notification type
provides a positive subjective user experience for females. However, Text (M=74.08) and
Text+Icon (M=69.14) notification types were above the average SUS score suggesting males had a
positive user experience on both Text and Text+Icon notification types. However, both females
(M=56.24) and males feel that Icon (M=61.46) notification type does not provide a positive user
experience. It is possible that participants feel familiar with Text+Icon as it includes the current
visual notification type (Text), which provides quicker learning and familiarity process.
From the objective user experience point of view with Heuristic scores, the heuristic scores
between Text and Text+Icon notification types were very similar in the male group (74.95 and
75.35, respectively). Considering the average Heuristic score is 72.5, both Text and Text+Icon
notification types provide a positive user experience. A similar result can be observed in females
with Text (78.77) and Text+Icon (71.67) notification types (see Figure 24).
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Figure 23. SUS Score interaction between Visual Notification Types and Sex

Figure 24. Heuristic Score interaction between Visual Notification Types and Sex

From the subjective user experience point of view with SUS score, females significantly
favor color red with Text notification type (M=84.5) while blue (M=78.5), green (M=75.3), and
yellow (M=77.4) colors were all above the average SUS score (68) (see Figure 25). Besides all four
colors with Text notification type, females did not have a positive user experience at all, and the
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SUS scores were all below the average of SUS score. Males also favor color red with Text
notification type (M=78.7) the most; however, the SUS scores of color blue (M=73.6) and yellow
(M=74.9) are not significantly different from color red. Although color green (M=69.3) has the
lowest SUS score among four colors, they were all above the average SUS score (68) (see Figure
25). Both color blue (M=70.3) and yellow (M=68.4) with Text+Icon notification type provided a
positive user experience for males (see Figure 25). Green color does not encourage any positive
user experiences for both females and males. This finding indicates that all four colors with Text
notification type provides a positive subjective user experience for both females and males.
However, males had a positive user experience on both Text and Text+Icon notification types with
color blue, red, and yellow while females extremely favor Text notification types only with all four
colors. It is possible that participants subconsciously responded to the most familiar form (Text
notification) and color (red) of the visual notification very positively.
From the objective user experience point of view with Heuristic scores, the heuristic scores
between color blue, green, red, and yellow with Text+Icon notification type were very similar in
the male group (74, 72, 79, and 75 respectively) (see Figure 26). Considering average Heuristic
score is 72.5 both Text and Text+Icon notification types with color blue, red, and yellow provides
a positive user experience for females and males. While females favor Text notification type with
any colors (blue, M=78, green, M=73, red, M=85, and yellow, M=79), males found a positive user
experience on color blue, red, and yellow with Text notification type (73, 82, and 75 respectively)
(see Figure 26).
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Figure 25. SUS Score interaction between Color, Sex, and Notification Types

Figure 26. Heuristic Score interaction between Color and Sex, and Notification Types
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EQ 3. The effect of visual notification types on UX is influenced by the background/experience
of users.
In a total of 502 participants, 251 have art and design backgrounds, and 244 participants
are from outside of art and design backgrounds. The interaction between the Visual Notification
Types and user’s background was not significant for either Heuristic scores F (2, 986) = .27, p =
.136, η2 = .001. or SUS scores F (3, 986) = .04, p = .13, η2 = 0.

User’s Performance and Accuracy

Heatmap. The major focus of this research was to better understand how users perceive
the usability of visual notification types and what additional factors (e.g., colors, educational
background, color preference, and biological sex) may influence their user experience. Participants
were asked to interact with an image of the given phone screen and encouraged to click app icons
based on the performance questions (e.g., Please click on the app that has the MOST unread
notification. Click 3 places at least on the screen.). In addition, asking for additional clicks on the
screen can identify the attention shifting among notifications on the phone screen, which can
provide evidence of the advantages and disadvantages of different visual notification types. Then,
participants were asked to answer performance questions without seeing a phone screen
previously. This task was designed to see if the attention and performance changed when the
visual notification type changed.
User performance on these tasks is shown in Appendix G (iOS) and H (Android) with
heatmaps, which demonstrate the evidence of users’ attention and recognition changes on
notifications on the phone screen. Both Android and iOS users acknowledge all visual notifications

63

on the phone screen with Icon notification type regardless of color. Icon notification type provides
an equal level of attention to any given notifications on the phone screen. In contrast, heatmaps
on the Text notification show the concentrated heat on one notification location only and other
notifications did not have almost any interactions as if they did not exist. Users focus on the most
demanding task only in Text notification type and other notifications were not much important to
users. In fact, they almost ignore the rest of the notifications. The users’ activities of heatmaps on
Text+Icon notification depicted the most unique interactions with notifications on the phone
screen users. There were three different levels of density plots on notifications from the most
radiated areas to almost nothing. The density plots on heatmaps of Text+Icon notification type
evidence that it assists users to recognize the priority groups among numerous notifications, which
increases the productivity of digesting a large amount of information delivered via notifications
daily.
Performance Questions. Participants were asked two performance questions (PQ) prior to
exposure to each notification type to see their attention rate changes on visual notification types
(See Table 15). The accuracy on the first performance question on Text notification type was very
high at 96.2%; however, the accuracy rate on the second performance question dropped to 68.7%
correct. The Text+Icon notification type produced the highest accuracy rate on both performance
questions with Q1 = 95.2% and Q2 = 96.8%, indicating that the Text+Icon notification type provides
practically the best user experience and helps users to pay attention to notifications that demand
attention. In contrast, the accuracy rate on the performance questions (Q1 = 87.1% and Q2 =
82.2%) on Icon notification types was significantly lower than text and Text+Icon notification types.
Although performance rates are similar between the performance question 1 and 2 on the Icon
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notification type, the accuracy rate on performance question 2 is still 13.5% higher than the Text
notification type.
The male participants performed extremely well in terms of performance questions. Both
the female and male participants performed extremely poorly in the performance questions 2 (Q2
= 64.5% and Q2 = 72.8% respectively) (see Table 15) (e.g., “Was there a notification on the
calendar app?”) on Text notification type although it is a simple question as to the performance
questions 1 (e.g., “Was there a notification on the email app?”) (see Table 16). The poor
performance on the second performance question (Q2 = 82.2%) continues on Icon notification
type, however, there was minor decrease of the accuracy rate from the first performance
question. The second performance question on Icon notification is much simpler than the first
question, yet the accuracy rate went down. Interestingly, the accuracy rates are very high for both
the first and second performance questions on Text+Icon notification type. Further, the accuracy
rate went up even higher on the send performance question (e.g., “Were there apps with several
Kinds of notifications?”) - a more complex question than the first performance question (e.g., “Was
there a voice message notification?”) - on Text+Icon notification type (Q2 = 96.8%). The finding
indicates that regardless of the complexity of the questions, Icon helps users to perform efficiently
and accurately. Text and Icon notification combination type seems significantly increase the
accuracy of the performance consistently.
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Table 15. Performance Question Accuracy Rate
Text

Q1
Count
476
172
304

Overall
Male
Female

Icon

Q2
%
96.2%
94.5%
97.1%

Count
340
112
228

Q1
%
68.7%
64.5%
72.8%

Count
431
155
246

Text + Icon

Q2
%
87.1%
85.2%
88.2%

Count
407
148
259

Q1
%
82.2%
81.3%
82.8%

Count
471
170
301

%
95.2%
93.4%
96.2%

Q2
Count
%
479 96.8%
172 94.5%
307 98.1%

Table 16. Performance Questions (PQ)
Notification
Type
Text

Icon
Text+Icon

PQ 1
PQ 2
PQ 1
PQ 2
PQ 1
PQ 2

Accuracy
96.2%
68.7%
87.1%
82.2%
95.2%
96.8%

Performance Questions
Was there a notification on the email app?
Was there a notification on the calendar app?
Was there an app with more than one visual notifications?
Was there a notification on the email app?
Was there a voice message notification?
Were there apps with several kinds of notifications?

DISCUSSION
The current literature regarding visual notification on smart devices has not been
established and needs much improvement on user experience. Very little research has been done
on visual notifications in smart phones. In fact, there have been almost no changes in the visual
notification system on smart devices since the first one was launched in 2007. This study provides
interesting evidence of positive user experience on visual notification types and color by
comparing SUS scores and Heuristics.
Hypothesis 1 stated that high levels of user experience should be produced by the different
colors of the visual notification. Regarding outcomes, the research discovered user experience
changes significantly positive on one particular color, Red, on the SUS score, however, the heuristic
score was similar between red, blue, and yellow. Users feel red provides a positive user experience
with above an average SUS score. It is likely that users chose color red – the default color of
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notifications on smart devices – that is familiar to them, which can be observed by the high SUS
scores (subjective usability measure). However, users did not have good user experiences when
they observe yellow and green on visual notifications. The SUS scores on different colors illustrate
the strong subjective preferences for a particular color, red.
However, heuristic scores provide a different story. All three colors – red, blue, and yellow
had above average heuristic scores while Red was a slightly higher heuristic score than the other
two colors. Users rated almost equivalently positive user experience in three colors (red, blue, and
yellow) on heuristic scores, which suggests that the functionality does not change much by colors
except green color from both SUS and heuristic scores. 10 heuristics factors guided users to
perceive their user experiences with visual notifications objectively and remove subjective
perceptions.
The green color was not user-friendly color on visual notifications at both subjective and
objective user experience based on below-average SUS and heuristic scores. It is possible that the
fundamental concepts of color green influenced the result of green providing a negative user
experience in both SUS and heuristics scores. This research suggests that users tend to associate
given colors based on the fundamental concepts of color at the objective level and the past
experiences of color at a subjective level, which influence overall user experience.
It is possible that there is a difference between females and males in terms of resistance
and adopting to change. Research found that males have the positive intention to use the big data
analytics while females develop resistance to change while adopting the big data analytics
(Shahbaz et al., 2020). Another research found that females demonstrated more resistance to
temptation than males (Silverman, 2003). Possibly, females create more resistance to change than
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males while adopting the visual notification types and colors. There is an interaction between
color, notification types and sex. However, it is not an easily interpreted interaction and would
require more research to replicate to understand fully. Further avenues for research are noted.
Hypothesis 2 indicated that high levels of user experience should be encouraged by the
visual notification type. The prediction of this research was that Icon or Text+Icon notifications will
provide better user experience than Text notification. However, SUS and Heuristic scores both
indicate that the current notification type (Text) was favored by users. SUS measures the
subjective user experience. SUS scores display strong users’ preferences on the current
notification type (Text). It represents users’ strong preference for the current notification type and
color, also because it is familiar and feels natural to them from years of using the same notification
type. However, the current notification type (Text) reduces the performance and accuracy rate
significantly fast, which suggests that it focuses on the users’ attention at the expense of the rest
of the notifications. In other words, it does not help to differentiate types of notifications for its
purpose. This explains why it has a significantly low heuristic score for an item number 10 – Help
and Documentation (Feedback) and higher heuristic scores for an items number 1 to 4 (see
Appendix B). Heuristics measures the objective user experience, which helps to evaluate the
functionality and practicality of the notification type. Heuristic scores in this study similarly
demonstrate a favor for the current notification type (Text), however, the user experience on both
Text and Text+Icon notification types were strongly positive. However, the Text+Icon notification
type provides a positive user experience across 10 heuristics items whereas the Text notification
type has inconsistent user experiences among heuristics items. Both Icon and Text+Icon have a
significant improvement on the heuristics item number 10 (Help and Documentation (Feedback)
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– The notifications help to differentiate types of notifications for its purpose) comparison to Text
notification type. It means that Icon encourages users to differentiate types of notifications for its
purpose. It is possible that the heuristic scores on item numbers 1, 2, and 9 can be increased by
testing the appropriate size of visual notification when it includes Icon components.
Heatmaps and performance questions were given prior to responding to SUS and Heuristic
Evaluation in order to measure the users’ performances and accuracy of given tasks in between
different visual notification types. The research finding provides evidence of how users shift their
tasks on displayed notifications on the phone screen between visual notification types. Text
notification type helps to focus on one demanding notification only. Icon notification type provides
equal attention to all notifications on the screen. Type+Icon notification type encourages
prioritizing notifications into groups – 1) most demanding notification group, 2) second demanding
notification group, and 3) unimportant notification group. In other words, TEXT+Icon notification
type provides the most efficient way to navigate notifications users received.

Limitations.

Every research has certain limitations, it is the same as this research as well. The
visual notifications on the smart devices need much improvement due to the lack of innovation in
this particular area of user experience. The lack of previous studies of the visual notifications on
smart devices was a huge challenge to determine the intuitive format of visual notification design,
to begin with. This study used the default system icon designs to avoid any possible biased
influence. While the icon design itself was not a research concern, it is possible that icons are not
optimized to compare to the current visual notification type (e.g., Text).
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The nature of the sample in this research has heavily portioned in Generation Z and
Millennials between the ages of 18 to 38. As the older generation has more issues several
accessibility issues and a lack of experience with smart devices, the research outcome might be
quite different if this study was given to Baby Boomers and above (55 years old and more). Further
research is required to examine the optimized visual notification design addressing the
accessibility issues.

CONCLUSIONS
The research is a good preference of what encourages the positive user experience at the
subjective and objective levels. It suggests the possibility of the Text+Icon notification type being
the most intuitive to encourage practical interactions from users when notifications display on the
smart devices. Text+Icon notification type inspires users to determine the hierarchy of notification
groups depending on the intensity of demands among many notifications. It is very possible that
users chose the Text notification type as the best form of visual notification because they feel
familiar with that system which means users land in their comfort zone where they do not need
to get challenged to learn something new. However, research finding suggests that the current
notification (Text) does not provide information accuracy and discourage attention to
notifications. Instead, users focus on one demanding notification only.
Finally, the research also concludes that color does not influence user experience to
determine what type of visual notifications provides the best user experience if it is not green.
When it comes to the practical interactions with visual notification, any red, blue, or yellow colors
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do not make significant differences in user experience based on the fundamental concepts of
color. All three colors provide a positive user experience on any visual notification type.
This research highly recommends utilizing both SUS and Heuristics to evaluate user
experiences. The subjective perception of usability from the SUS score can assist to identify
whether a system is highly usable and accessible or not. Heuristics can guide designers and
researchers to recognize the elements in the user interface that positively and negatively influence
user experience by tracing users’ interactions based on 10 factors in the heuristic evaluation. In
other words, SUS scores can tell the story of currently perceived performances, and heuristic
scores complete the story of missing puzzles (e.g., user interface issues) that users cannot
subconsciously recognize while interacting with a system. Using these two subjective and objective
usability measures together, researchers and designers can evaluate a system practically to
provide the best user experiences and meet the expectations of users that they may not know yet
that is necessary.
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APPENDIX A: RECRUITMENT EMAIL SAMPLE
Subject: Invitation to Participate in Dissertation Research
Email Body:
Hello,
This is Young Ae Kim, Graphic Design Program Coordinator at SDSU and Ph.D. Human Factor
Psychology candidate at USD. I am conducting my research on user experiences in the visual
notifications on smart devices. I would like to invite you to participate this research because your
participation may bring differences to the design in order to make better visual notifications on
smart devices in near future. This study aims to identify what encourages positive user experience
on visual notifications on smart devices. Your participation would be greatly appreciated.
To participate, please follow this link or scan the QR code to complete the survey, which should
only take about 10 minutes of your time. Thank you for your time and participation! Please feel
free to email me if you have any questions.
If you use a computer, Click the link to access the survey.
https://southdakota.sjc1.qualtrics.com/jfe/form/SV_db4wvm4moCdJNrw
If you use a phone, Scan QR code.

Thank you for your time and participation!
Young Ae Kim
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APPENDIX B: 10-ITEMS USABILITY HEURISTICS FOR USER INTERFACE DESIGN
Ten usability principles have been adapted and refined based on well-established essential
heuristic or design principles (Nielsen, 1994). The usability elements evaluated in this study
includes:

1. Visibility of System Status
Simplicity (Easy to use) – the notifications are simple and straightforward.
2. Match Between System and the Real World
User-Friendliness – the notifications are user friendly and easy to use.

3. User Control and Freedom Learnability
Learnability – The notifications are easy to learn and notice, requiring minimal training.
4. Consistency and Standards
The notifications of user interface and task processes are standardized and consistent.
5. Error Prevention
the notifications proactively prevent miscommunication in terms of representation of the
notification.
6. Recognition Rather than Recall
Navigation – It is easy to navigate through the notifications.
7. Flexibility and Efficiency of use
Comfort (Flexibility) – The notifications allow users to control the amount of information
to receive.
8. Aesthetic and Minimalist User Interface design
The notifications are visually pleasing with high color contrast, adequate font size, and
helping to point right information.
9. Help Users Recognize, Diagnose, and Recover from Errors
Readability – Information on the notifications is concise and easy to understand.
10. Help and Documentation (feedback)
The notifications help to differentiate types of notifications for its purpose.

80

APPENDIX C: SYSTEM USABILITY SCALE (SUS)
The system usability scale (Brooke, 1986) is recognized as a reliable tool for measuring the
usability and it can be utilized to evaluate a wide variety of products and services including
mobile devices, websites, and applications.

1. I think that I would like to use these notifications frequently.
2. I found the notifications unnecessarily complex.
3. I thought the notifications were easy to use.
4. I think that I would need the support of a technical person to be able to use
1. these notifications.
5. I found the various functions in these notifications were well integrated.
6. I thought there was too much inconsistency in these notifications.
7. I would imagine that most people would learn to use these notifications very quickly.
8. I found the notifications very cumbersome to use.
9. I felt very confident using the notifications.
10. I needed to learn a lot of things before I could get going with these notifications.
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APPENDIX D: SURVEY IN QUALTRICS
UNIVERSITY OF SOUTH DAKOTA
Institutional Review Board
Informed Consent Statement
Title: User Experience in Visual Notifications on Smart Devices
Principle Investigator: Doug Peterson, South Dakota Union Building, Vermillion, SD 57069 (605) 658-3700
Doug.Peterson@usd.edu
Student Investigator: Young Ae Kim, South Dakota Union Building, Vermillion, SD 57069 (605) 658-3700
YoungAe.Kim@sdstate.edu
Department: Human Factor Psychology, University of South Dakota
Invitation of the Research:
You are invited to participate in a research study. In order to participate, you must be 18 years of age older to consent
to participate in this research study. Taking part in this research project is voluntary. Please take time to read this
entire form and ask questions before deciding whether to take part in this research project.
Purpose of the Study:
The purpose of the research is to study the user experience on the smart device visual notifications. About 200
people will take part in this research.
Procedures to be followed:
There are three sets of visual stimuli, and you will be asked to answer questions related to your experience with and
usage of smart device visual notifications based on presented visual stimuli of each set of questions.
Risks:
There are no risks in participating in this research beyond those experienced in everyday life.
Benefits:
You may not benefit personally from participating in this research project; however, this research might provide a
better understanding of how important visual notifications are to users for their decision making. This can lead to a
better design and evaluation of the visual notifications on smart devices.
Duration:
It will take approximately 30 minutes to complete the survey.
Statement of Confidentiality:
The survey does not ask for any information that would identify who the response belongs to. Therefore, your
responses are recorded anonymously. If this research is published, no information that would identify you will be
included since your name is no way linked to your responses. All survey responses that we receive will be treated
confidentially and stored on a secure server. However, given that the surveys can be completed from any computer
(e.g., personal, work, school), we are unable to guarantee the security of the computer on which you choose to enter
your responses. As a participant in our study, we want you to be aware that certain "key logging" software programs
exist that can be used to track or capture data that you enter and/or websites that you visit.
Right to Ask Questions:
The researchers conducting this study are Young Ae Kim and Doug Peterson. If you have questions, concerns, or
complaints about the research please contact Young Ae Kim or Doug Peterson at (605)658-3700. If you have questions
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regarding your rights as a research subject, you may contact The University of South Dakota- Office of Human Subjects
Protection at (605) 658-3743. You may also call this number with problems, complaints, or concerns about the
research. Please call this number if you cannot reach research staff, or you wish to talk with someone who is an
informed individual who is independent of the research team.
Compensation:
Participants will not get compensated.
Voluntary Participation: It is totally up to you to decide to be in this research study. Participating in this study is
voluntary. Even if you decide to be part of the study now, you may change your mind and stop at any time. You do
not have to answer any questions you do not want to answer. Completion and return of the survey imply that you
have read the information in this form and consent to participate in this research.
Before agreeing to be part of the research, please be sure that you understand what the study is about. Keep this
copy of this document for your records. If you have any questions about the study later, you can contact the study
team using the information provided above.
Please click the button below to proceed.
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APPENDIX E: VISUAL NOTIFICATION TYPE STIMULI ON iOS

Text Notification with color change

Icon Notification with color change

Text and Icon Notification with color change
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APPENDIX F: VISUAL NOTIFICATION TYPE STIMULI ON ANDROID

Text Notification with color change

Icon Notification with color change

Text and Icon Notification with color change
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APPENDIX G: HEATMAP OF VISUAL NOTIFICATION TYPES ON IOS

Heatmap of Icon Notification Type on iOS (from left to right Blue, Green, Red, Yellow)

Heatmap of Text Notification Type on iOS (from left to right Blue, Green, Red, Yellow)

Heatmap of Text+Icon Notification Type on iOS (from left to right Blue, Green, Red, Yellow)
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APPENDIX H: HEATMAP OF VISUAL NOTIFICATION TYPES ON ANDROID

Heatmap of Icon Notification on Android (from left to right Blue, Green, Red, Yellow)

Heatmap of Text Notification on Android (from left to right Blue, Green, Red, Yellow)

Heatmap of Text+Icon Notification on Android (from left to right Blue, Green, Red, Yellow)
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